Dairy products remain valuable components of human diet due to their balanced nutritive value and pleasant flavour. In this study, triacylglycerols (TAGs) from anhydrous milk fats were hydrolysed by Lipozyme-435 and Novozyme-435 and later on analysed by using ultra performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry. Results revealed that the percentages of TAGs (CN 28-34) and TAGs (CN 36-42) with at least two short-chain fatty acids and with short-and medium-chain fatty acids were respectively decreased after 24 h of enzymatic hydrolysis. On the other hand, TAGs (CN 44-54) with at least two long-chain fatty acids were found to increase in both Lipozyme-435-and Novozyme-435-treated anhydrous milk fat (AMF). Meanwhile, the melting and crystallization profiles of both Lipozyme-435-and Novozyme-435-treated AMF were modified and significantly different when compared with the untreated AMF.
Introduction
Milk fat is the third main source of lipid for human nutrition. [1] It is widely acknowledged that milk fat imparts excellent flavour and superior mouthfeel to milk products. [1, 2] Milk fat is an important ingredient in bakery and confectionery industry technology. To increase the use of milk fat as food ingredient, several technologies such as acyl exchange of the fatty acids on the triacylglycerols (TAGs) backbone have been incorporated into the manufacturing processes of food. [3] Milk fat contains a complex fatty acid composition resulting in a mixture of TAGs with different physical and chemical properties. [4] [5] [6] Fatty acids in milk fat occur in a heterogeneous composition due to differences in chain length, their degree of saturation, and their binding position on the glycerol backbone. [6] [7] [8] These differences have resulted in variations in the physical and chemical properties [8] [9] [10] of milk fat; for example, the wide range differences in melting temperatures among milk products which have been found to occur between −40°C and 40°C [4, [9] [10] [11] [12] [13] [14] are a typical result of heterogeneity of milk fat composition. The diversity of fatty acids has also enabled the modification of functional properties of milk and milk products thus bringing a variety of products in the market. [12, 15] The complexity of milk fat is compounded by the numerous number of fatty acids which in total sum almost up to 400 [14, 16] resulting in the generation of thousands of different kinds of TAGs. [15, 17] Modification of milk fat composition is becoming a popular means for improving both the nutritional and the functional properties of food in the modern food industry. [16, 18] Among the approaches include the enrichment of hydrolysed milk fat fraction with conjugated linoleic and trans-vaccenic acids [17, 19] and enrichment of anhydrous milk fat in polyunsaturated fatty acid residues from linseed and rapeseed oils through enzymatic interesterification. [1] Enzymatic hydrolysis of the TAGs to free fatty acids and glycerol is another approach for maximizing the production of short-chain fatty acids (C4:0-C8:0) for the enhancement of flavour development in milk products. [17, 19] During hydrolysis of milk fat, lipase plays a significant role by cleaving the bond between the fatty acid chain and the glycerol backbone. Depending on the type of lipase, the final product is a milk fat with improved flavour. To obtain this result, lipase with a characteristic ability of cleaving the fatty acid glycerol bond at sn_1,3 positions is highly recommendable. [18, 20] However, up to date the application of lipase that cleaves only at sn_1,3 positions to our knowledge is still a challenge, due to the fact that it influences the unintended cleavage of other long-chain fatty acids which have little or nothing to do with the development of flavour. Long-chain saturated fatty acids, such as stearic acid, are primarily located at sn_1 position; likewise unsaturated fatty acids, such as oleic and linoleic acids, are located at sn_3 position. [19, 21] Coincidentally, the short-chain fatty acids that are targeted for the development of flavour such as butyric, caproic, and octanoic acids are also located at sn_1,3 positions of a TAG molecule. [18, 20, 22] For this reason, controlled hydrolysis of TAGs by careful selection of enzyme and timing enzyme reaction is essential in the development of desirable flavour. This implies that some of the TAGs will be partially hydrolysed while others will still remain intact. The intended outcome mainly relies on the cleavage of only those fatty acids that are responsible for flavour development. However, from the available literature, very little has been reported about the properties of TAGs in milk fat after enzymatic hydrolysis. On the other hand, studies conducted by Neff and Byrdwell [22, 23] revealed that the oxidative stability of soya bean oil was partly dependent on the TAGs composition and their structure.
During hydrolysis of milk fat, the melting and crystallization profiles are modified due to cleavage especially of short-chain fatty acids, which eventually results in improvement of physical and chemical properties of food. Many other properties such as texture, mouthfeel, and rheology that depend on crystallization of milk fat are also affected by the enzymatic hydrolysis of milk fat. [23, 24] The high melting fractions can be used as shortening in puff pastry in order to impart a desirable butter flavour or inhibit fat bloom in chocolate or as a substitute for cocoa butter in confectionary products, while the low melting fractions can be added in biscuits, short breads, and cold spreadable butter. [16, 18] The rheological properties of fats are generally functions of the solid fat content (SFC) and other factors such as size, shape, number of the crystals, and clusters of TAG composition in milk fat. [23, 24] Up to date, a little amount of information concerning the impact of enzymatic hydrolysis of TAGs on milk fats has been reported. Therefore, it is against this background that the present study was aimed at characterizing the properties of TAGs after controlled enzymatic hydrolysis of milk fat for 24 h by using Lipozyme-435 and Novozyme-435. Specifically, the study quantified TAGs and their physical properties especially their crystallization and melting profiles after hydrolysis. It is hoped that this study would find applications in the development of dairy products and other food commodities for improvement of flavour and other functional properties.
Materials and methods
Anhydrous milk fat (AMF) with moisture content of 0.14% was a gift from Shanghai Kerry Oil & Grains Company Ltd. The immobilized lipases (Lipozyme-435 (≥20,000 U/g) from Rhizomucor miehei and Novozyme-435 (≥5000 U/g) from Candida antarctica) were gifts from Novozyme (Shandong) Innovation & Business Center, China. The OPO (1, 3-dioleoyl-2-palmitoylglycerol) and OOO (tri-olein) (≥95%) TAG standards were obtained from Sigma-Aldrich Chemical Co. Ltd. (St. Louis, MO). n-Hexane, acetonitrile, and iso-propanol were of High Performance Liquid Chromatography (HPLC) grade. All other solvents were of the analytical or HPLC grade.
Fatty acid analysis
Fatty acids were determined by converting the free fatty acids released into their Fatty acid methyl esters (FAME) form. Briefly the sample was prepared as follows: A 50 mg sample of milk fat was added in 2 mL of n-hexane, then 0.5 mL 2 N KOH of methanol solution was added. The mixture was vigorously vortexed for 2 min. To remove excess water, sodium thiosulfate was also added. The mixture was centrifuged at 10,000 rpm for 10 min. The supernatant was passed through a 0.45-μm membrane filter. A 0.5-μL sample was injected into Shimadzu GC-2010 (Tokyo Japan) equipped with an Flame Ionization Detector (FID) detector, with a capillary column, PEG-20M 30 m i.d. 0.32 mm × 1.0 μm. The initial column temperature was set at 100°C for 3 min before ramped to 180°C for 8 min at a rate of 10°C/min and then maintained at this temperature for 1 min. Then the temperature was ramped to 240°C for 20 min at a rate of 3°C/min and this temperature was maintained for 9 min. Temperature for the injector and detector was set at 250°C. Carrier gas (N 2 ) was maintained at 110.0 kPa and the flow rate was 3 mL/min while the flow rate of H 2 gas was 47 mL/min. The air flow rate was set at 400 mL/min and the split ratio was set at 1:12. Fatty acids were identified by comparing retention times on the chromatogram with those exhibited by the 40 fatty acids standards used in the experiments.
Performance of milk fat hydrolysis reactions
Hydrolysis of AMF with Lipozyme-435 and Novozyme-435 was carried out at 55°C in a 125-mL Erlenmeyer flask as described in detail in our previous study. [20, 22] Ultra pressure liquid chromatography analysis
The TAGs in hydrolysed milk fat were identified and quantified by a Waters Acquity Ultra Pressure Liquid Chromatography (UPLC) system coupled to Waters Qu-ToF Premier mass spectrometer using an ACQUITY UPLC BEH C18 analytical column (i.d. 2.1 × 50 mm, 1.9 μm). An amount of 10-mM ammonium acetate was introduced into the mobile phase as an electrolyte. The efficient separation of TAGs was carried out by two mobile phases: A (acetonitrile/isopropyl alcohol 1:9 v/v) and B (40% acetonitrile) at 300 μL/min. Initially, 70% of mobile phase A was used and maintained at this level for 1 min, then allowed to reach 87% in 30 min and held for 1 min, then returned back to the initial 70% in 1 min and equilibrated for 4 min. Temperature of the sample chamber was set at 20°C while the column temperature was set at 45°C. An amount of 1.0 μL was set as dead volume and each sample was analysed in triplicate.
Mass spectrometry conditions
The exactive mass spectrometer operated in the positive ion mode was performed on a Waters QuToF Premier mass spectrometer with a mass range of 200-1500 m/z in 1 s duration. High-purity nitrogen was used as a nebulizer and drying gas was set at a constant flow rate of 1.5 mL/min. The source parameters were: 400°C desolvation temperature, 100°C source temperature, 3.5 V capillary voltages, and 20 V sampling cone voltages. Mass Spectrometry/Mass Spectometry analysis was set at collision energy of 35 V. The sodium format was used previously to calibrate the instrument and the lock mass spray for precise mass determination was set by leucine enkephalin in the positive ion mode. All the data were acquired and processed by Mass Lynx V4.1 software.
Melting and crystallization profile conditions
Melting and crystallization profiles of AMF, Lipozyme-435-, and Novozyme-435-treated AMF were determined by using differential scanning calorimetry (DSC Q2000 V24.9 Build 121, TA Instruments, New Castle, DE). In order for the analysis to take place, the system was purged with nitrogen gas at 20 mL/min during the analysis, and also nitrogen was used to serve as a refrigerant to cool the system. Indium, eicosane, and dodecane standards were used during calibration. The samples in the ranges (5-8 mg) were hermetically sealed in an aluminium pan, heated to 80°C, and held for 5 min to erupt completely the previous crystal structure, then allowed to cool at −40°C for 5 min. This treatment enabled the recording of melting profiles from the initial −40°C to 80°C through heat treatment at the rate of 10°C/min. An empty aluminium pan was used as a reference and each sample test was conducted in duplicate.
Powder X-ray diffraction analysis
The polymorphic forms of the AMF and hydrolysed products were determined by powder X-ray diffraction using a D8 Advance diffractometer (Bruker, Germany; λk = 1.54056 Å, 40 kV, 40 mA) equipped with a Vantec (Bruker, Karlsrube, Germany), using Cu-Ka with Ni filter. Diffraction patterns were recorded with 2θ in the range of 5-50°C at a scan rate of 4°/min. The analysis was performed isothermally at 5°C, after the tempering period. Each sample test was determined in triplicate.
SFC analysis
The SFC analyses of AMF, Lipozyme-435-, and Novozyme-435-treated AMF were performed by using AM4000MQC (Oxford, Oxford shire, UK) low-resolution nuclear magnetic resonance (NMR). Approximately 2.5 mL of melted sample was placed in NMR tubes before kept at 80°C for 30 min, and then tempered at 0°C for 90 min, and finally 30 min at each 5°C intervals measuring temperature. The SFC was determined from 0°C to 40°C temperature range. All sample test observations were carried out in triplicate.
Statistical analysis
SPSS statistical software (v. 19.0, IBM SPSS, Chicago, IL) was applied in data analysis and means ± standard deviations were reported. Box plots were obtained by application of Origin 8.5 (Origin Lab, North Ampton, MA).
Results and discussion

Fatty acids composition
According to results, 18 fatty acids were identified in the range 0.25-33.93 mol/100 mol. Those were butanoic acid (1.96 mol/100 mol), caproic acid (1.58 mol/100 mol), caprylic acid (1.04 mol/100 mol), capric acid (2.67 mol/100 mol), lauric acid (5.04 mol/100 mol), myristic acid (13.31 mol/100 mol), pentadecanoic acid (1.07 mol/100 mol), palmitic acid (34.74 mol/100 mol), palmitoleic acid (1.69 mol/100 mol), margaric acid (0.40 mol/100 mol), stearic acid (10.42 mol/100 mol), oleic acid (22.43 mol/100 mol), linoleic acid (1.21 mol/100 mol), α-linolenic acid (0.51 mol/100 mol), γ-linolenic acid (0.61 mol/100 mol), stearidonic acid (1.00 mol/100 mol), arachidic acid (0.13 mol/100 mol), and gadoleic acid (0.19 mol/100 mol). Lauric, myristic, palmitic, stearic, and oleic acids were the most abundant fatty acids. The high amount of those fatty acids was also reported by others [25, 26] who studied lipid composition analysis of milk fats from different mammalian species as potential for use as human milk fat substitutes and milk fat rancidity, respectively. Table 1 presents TAGs and their relative percent peak area for AMF, Lipozyme-435-, and Novozyme-435-treated AMF. As shown in the table, it is clearly evident that the hydrolysis of the milk fat by the two lipases changed the distribution of TAG. The percentages of TAGs (carbon number CN 28-34) with at least two short-chain fatty acids and TAGs (CN 36-42) with some shortand medium-chain fatty acids generally decreased after 24 h of hydrolysis by both Lipozyme-435-and Novozyme-435-treated AMF. Figures 1a and 1b show chromatograms and TAGs identified in Lipozyme-435-and Novozyme-435-treated AMF, respectively. The increase in the percentages of TAGs (CN 44-54) with at least two long-chain fatty acids was also observed in both Lipozyme-435-and Novozyme-435-treated AMF. These observations imply that the degree of hydrolysis was dependent on the number of carbon atoms on the fatty acid chains. Thus, hydrolysis preferentially affected TAGs containing esterified short-chain fatty acids; as a consequence of the loss of shortchain fatty acids on TAGs, there is an increase in the relative percentages of long-chain fatty acids on TAGs. [24, 27] The major TAGs found in Lipozyme-435-treated AMF were PoPoCo, PoPoCy, CyOL, CaOL, PLaO, LaOO, PPP/PMO, OOPo, OOO, and OOS/SSL. These TAGs have a higher influence on the physical and functional properties of the product [25, 28] than the rest of the TAGs due to their high percentage level. Figure 2 + (m/z 603.48), respectively, signified tri-olein. The high amount of OOM/PPL (16.54 ± 0.44%) found in the Novozyme-435-treated AMF could be the reason that led to decreasing oxidative stability in the previous study [20, 22] as compared to Lipase-435-treated AMF (OOPo). It was found that TAGs comprising fatty acid with one or more double bonds were less stable than those with one or no double bonds. Similarly, lipids containing a higher amount of linoleic acid could be more unstable than the rest due to the high possibility of being oxidized at the double bond position. Our results support previous findings by Neff and Byrdwell [22, 23] in which it was revealed that the oxidative stability of Soy bean oil (SBO) was partly dependent on the TAG composition and their structure. Figure 4(a, b) shows the melting and crystallization profiles of AMF, Lipase-435-, and Novozyme-435-treated AMF. Results revealed that the melting points of AMF occurred in the range of temperature between −38.36°C and 36.61°C (Fig. 4a) . The melting profile exhibited a broad shoulder between −38.36°C and −2.80°C, sharp shoulder between −2.80°C and 9.67°C, a very long sharp shoulder between 9.67°C and 20.29°C, and finally a broad shoulder again between 20.29°C and 36.61°C. Milk fat contains different TAGs which consist of short, medium-, and long-chain fatty acids. The broad range of melting temperature in the study could be attributed to the heterogeneity in fatty acid composition in the AMF [9, 11, 12, 14] However, there were changes in melting profiles when Lipase-435-and Novozyme-435-treated AMF were applied in the experiments (Fig. 4a) . In Lipozyme-435-treated AMF, the melting curve depicted a broad shoulder that was observed between −38.62°C and −16.20°C, followed by a longer but broad shoulder between −3.60°C and 23.47°C, thereafter maintained another shoulder between 23.47°C and 31.43°C, and finally the shoulder was found between 31.43°C and 37.80°C. Previously, Tunick and Malin [26, 29] found that the fresh cow milk mozzarella samples had a lower melting temperature in the range of −30°C and 11°C, followed by a short peak shoulder between 7°C and 8°C, a medium melting temperature with a tall peak at about 17°C, and finally a higher melting temperature was found in the range of temperature between 21°C and 38°C.
Melting and crystallization profiles
On the other hand, the Novozyme-435-treated AMF melting temperature curve exhibited a broad peak shoulder between −38.89°C and −11.56°C, followed by broader peak shoulder between −11.56°C and 22.67°C, then a peak shoulder between 22.67°C and 33.82°C, and finally a short broad peak between 31.43°C and 40.45°C. It is clear from the results that the sharp shoulder of melting temperature observed between −2.80°C and 9.67°C in AMF decreased suddenly to −38.62°C and −16.20°C and −38.89°C and −11.56°C, respectively, when AMF was treated with Lipozyme-435 and Novozyme-435. This implies that both Lipozyme-435-and Novozyme-435-treated AMF contained TAGs with a higher composition of saturated short-and medium-chain fatty acids than the untreated AMF since it has been previously found out that the melting point of the fat decreases with decreasing chain length and increasing degree of unsaturation of the fatty acids in milk fat. [27, 30] The long sharp shoulder observed in AMF between 9.67°C and 20.29°C was modified into broad melting temperature ranges for Lipase-435-and Novozyme-435-treated AMF. The long broad ranges of temperature imply that the AMF contained TAGs with medium-and long-chain fatty acids. To our surprise, the final melting temperature depicted by the Novozyme-435-treated AMF (40.45°C) was higher than those for AMF (36.61°C) and Lipozyme-435-treated AMF (37.80°C). This implies that the Novozyme-435-treated AMFs contained a higher percentage of long-chain fatty acids than the rest which might be the reason for the high melting temperature observed. In a previous study, Rao et al. [28, 31] investigated the melting profile of coconut oil triglycerides with a stearic acid level of 2% and modified lipids containing varying levels of stearic acid and found that increase in the level of stearic acid substitution in coconut oil triglycerides resulted in a gradual corresponding shift to higher melting temperatures. In addition, molecular composition with long-chain fatty acids imparts higher melting and crystallization temperatures than shorter chain fatty acids. [32] Figure 4b shows crystallization curves of AMF, Lipozyme-435-, and Novozyme-435-treated AMF. The crystallization curve for AMF depicts a broad range between −34.96°C and 13.86°C and short arm between 13.86°C and 15.53°C. However, three crystallization regions were observed in both Lipozyme-435-and Novozyme-435-treated AMF. A broad range was found in the region between −36.02°C and 0.97°C, followed by a short shoulder between 7.04°C and 16.44°C, and finally a very long sharp shoulder between 16.44°C and 25.84°C in Lipozyme-435-treated AMF. On the other hand, Novozyme-435-treated AMF exhibited a broad range between −35.30°C and 0.92°C, followed by a short shoulder between 7.82°C and 19.90°C, and finally a very long sharp shoulder between 19.90°C and 29.71°C. The gradual increase in crystallization temperature is associated with an increase in long-chain saturated [28, 31] and unsaturated fatty acids. The crystallization regions for both Lipozyme-435-and Novozyme-435-treated AMF were similar implying that both treatments introduced resulted in an increase in short-and medium-chain fatty acids and as consequences TAGs with long-chain fatty acids were increased but on the other hand, the differences in crystallization temperatures were due to variations in the proportions of the fatty acid composition. [17, 19] Previously, it was found that long-chain saturated fatty acids (C16:0, C18:0, and C20:0) and mediumchain saturated fatty acids (C10:0, C12:0, and C14:0) were more concentrated in the high crystallization temperature peak region while long-chain unsaturated fatty acids (C18:1 t11, C18:1 ω-9) were more concentrated in the middle melting point fraction. On the other hand, short-chain fatty acids such as C6:0 and C8:0 were concentrated in the lower crystallization temperature region. [17, 19] Haddad et al. [29, 33] also revealed that the composition of TAGs is responsible for variation in the melting and crystallization behaviour as well as rheological properties of milk fat. Figure 5 shows the polymorphisms of AMF, Lipozyme-435-, and Novozyme-435-treated AMF. The AMF exhibited d-spacings at 13.28 Å, a wide angle at 4.57 Å which represents the β crystal form, and 3.82 Å which represents the βʹ form. [30, 34] Changes in d-spacings were found after 24 h of hydrolysis for both Lipozyme-435-and Novozyme-435-treated AMF. This could be due to change in the distribution of fatty acids which in turn affected intersolubility properties within the TAGs. [31, 35] After hydrolysis the d-spacings at 13.28 Å in AMF were reduced to 12.67 Å in both Lipozyme-435-and Novozyme-435-treated AMF. Thereafter, d-spacings shifted to β crystal form (4.58 Å) and βʹ crystal form (4.15 Å and 3.78 Å) in Lipozyme-435-treated AMF. On the other hand, d-spacings shifted to β crystal form (4.60 Å) and βʹ crystal form (4.15 Å and 3.79 Å) in Novozyme-435-treated AMF. It is clear from the results that enzymatic hydrolysis had played a significant role in changing β to βʹ, which was the most desirable crystal form in shortenings. Previously, it has been reported that the formation of small crystal nucleus and large surface area as a result of changing β to βʹ form enables the inclusion of air into shortenings thus improving the creaming properties of mixtures. [30, 32, 34, 36] Solid fat content
Polymorphism
The consistencies of AMF, Lipozyme-435-, and Novozyme-435-treated AMF were tested for SFC using NMR set at the range of 0-35°C as shown in Fig. 6 . The SFC is an important parameter used in monitoring milk fat and milk fat products at different temperatures to evaluate their suitability in food processing. In addition, the determination of SFC values at various temperatures is very useful when creating product's physical attributes and predicting the behaviour of the final product. [37] According to results of SFC in AMF, Lipozyme-435-, and Novozyme-435-treated AMF decreased with increasing testing temperature. As shown in Fig. 6 , the SFC values of AMF obtained from 0°C to 15°C testing temperatures were higher than the Lipozyme-435-, and Novozyme-435-treated AMF. This phenomenon could be explained by the fact that AMF contained a higher proportion of TAGs composed of short-chain fatty acids than Lipozyme-435-and Novozyme-435-treated AMF. Higher SFC values were found in Novozyme-435-treated AMF than in Lipozyme-435-treated AMF. However, at the testing temperature range of 15-25°C, the SFC values of AMF and Novozyme-435-treated AMF were approximately the same, though higher values were found in Lipozyme-435-treated AMF than AMF even at 30°C. Another interesting point that was noted was that when Lipozyme-435-and Novozyme-435-treated AMF were subjected at SFC testing temperature ranges of 15-35°C, Novozyme-435-treated AMF was found with slightly lower values of SFC than Lipozyme-435-treated AMF. This observation could be explained by the fact that Novozyme-435-treated AMF had relatively higher percentage area of OOO (13.57 ± 0.26%) TAG than OOO (10.32 ± 0.10%) TAG of Lipozyme-435-treated AMF. In addition, Novozyme-435-treated AMF had higher relative percentage area of OOM/PPL (16.54 ± 0.44%) TAG than OOPo (15.23 ± 0.32%) TAG of Lipozyme-435-treated AMF. The composition of fatty acids in TAG molecule influenced the characteristics of lipids in the sample. Unsaturated fatty acids with one or more double bonds are usually in a liquid state at room temperature while saturated fatty acids are in a solid state at the same temperature. Since Novozyme-435-treated AMF comprised of a higher percentage of OOO and OOM/PPL TAGs, it is justifiable that they had lower SFC values than Lipozyme-435-treated AMF. Additionally, a higher proportion of TAGs with short-chain fatty acids were found in Lipozyme-435-treated AMF than in Novozyme-435-treated AMF (Table 1) . In general, both Lipase-435-and Novozyme-435-treated AMF displayed elements of plasticity in the SFC range of 15-35%, thus their application in dairy products would regulate consistency. [28, 31] 
Conclusion
The TAG composition of both Lipozyme-435-and Novozyme-435-treated AMF was significantly changed after 24 h of controlled hydrolysis. The percentages of TAGs (CN 28-40) with some short-and mediumchain fatty acids decreased with corresponding increasing TAGs (CN 44-54) with long-chain fatty acids during the 24 h of controlled hydrolysis. The decrease in amount of TAGs with short-chain fatty acids and those with medium-chain fatty acids with increasing TAGs comprising long-chain fatty acids suggests selective enzymatic hydrolysis of TAGs. The difference in TAG results obtained by each Lipase-435-and Novozyme-435-treated AMF samples may be due to the enzyme specificity toward substrate. Both melting and crystallization profiles of Lipase-435-and Novozyme-435-treated AMF were different from AMF implying that enzymatic hydrolysis influenced the fatty acids composition of TAGs. The study has also revealed that Lipase-435-and Novozyme-435-treated AMF displayed elements of plasticity within SFC values implying that they could find application in the processing of dairy and dairy products. Finally, treatment of AMF with Lipase-435-and Novozyme-435 yielded βʹ form of crystals which is the most desirable crystal form. This would find application in shortenings since the formation of small crystal nucleus and large surface area enables the incorporation of more air into the shortenings and improvement of creaming properties.
